1.
Introduction LASS was first produced more than 5000 years ago. Now, glass is widely used in our daily life. We can even say that there could be no highly civilized society without structure or induce 3-dimensionally and periodically dis tributed electronic structure in glass, we expect that the novel optical functions of rare-earth-ion-doped glass will be achieved. From the viewpoint of practical applications, we expect to obtain a glass with properties superior to cor responding single crystals.
In this article, we review the phenomena, mechanisms and the applications of photostimulated luminescence in duced by X-ray;8)-11) long-lasting phosphorescence induced by ultra-violet light and infrared femtosecond laser;12)-14) space-selective manipulation of the valence state of rareearth-ions;15)-17) and the formation of rare-earth-ion-doped optical waveguide18), 19) for light amplification using a focused infrared femtosecond laser.
3. X-ray induced photostimulated luminescence in rare-earth-doped glasses Photostimulated luminescence, a phenomenon due to the photostimulated recombination of holes and electrons at traps which leave electrons in a long-lived excited state, has attracted considerable attention in recent years.20), 21) In photostimulated luminescence, a material excited by a light 1 for example, after the irradiation by X-rays, emits a light 2 whose wavelength is usually shorter than that of excitation light 1, and the intensity of light 2 is proportional to the ir radiation quantity of the X-ray in a certain dynamic range. 20) Photostimulable phosphor, BaFX: Eu2+ (X=Br, I), is now widely used as a detector in X-ray radiography.20) An imaging plate made of BaFX: Eu2+ (X=Br, I) has excellent characteristics, such as a wide dynamic range extending over more than five orders of magnitude, and high sensitivi ty which is one hundred or one thousand times more sensi tive than silver chloride films which are still used as X-ray image receptors. 20) If photostimulable luminescence phosphor could be made of glass, that would be important from the viewpoint of practical application. We have observed the photostimulat ed luminescence phenomenon in reduced rare-earth-iondoped glasses.8)-11) We assume mechanism for the pho tostimulated luminescence in the glass is similar to that of the well studied BaFBr: Eu2+ photostimulable phosphor. 21) Eu2+ -doped fluoroaluminate glass was fabricated in a reducing atmosphere. Figure 2 shows the decay curve of the photostimulated luminescence at 400nm of the X-ray ir radiated sample, when excited continuously by the He-Ne laser (633nm). The emission at 400nm can be assigned to the 5d-4f transitions of Eu2+ ions. The emission decayed when the He-Ne laser continuously irradiated the sample .
Since we observed no emission at 400nm in the unirradiated sample, the emission at 400nm is not due to upconversion or to a multi-photon absorption process. It is a phenomenon typical of photostimulated luminescence as observed in the BaFBr:Eu2+ phosphor. 21) The mechanisms of photostimulated luminescence have been investigated intensively. 21)-26) Even for the BaFBr: Eu2+, however, the exact mechanism is still not clear. There are at least three models, which describe the photostimulat ed luminescence process in BaFBr: Eu2+. Takahashi et al. made experiments to confirm the mechanism of photostimu lated luminescence in BaFBr: Eu2+.23) The proposed mechanism is that Eu2+ ions are ionized by X-ray irradiation and converted to Eu3+ ions either directly or by trapping holes, and electrons excited to the conduction band are caught by F+ centers (halogen ion vacancies) to form F cen ters. Then the irradiation of light in green to red stimulates luminescence, trapped electrons are liberated to the conduc tion band and return to Eu3+ ions converting them to excit ed Eu2+ ions, and thus the Eu2+ luminescence is produced. All models propose that electrons and holes are formed in BaFBr: Eu2+ after X-ray irradiation. Some of the electrons are caught by F+ centers to form F centers, while some of the holes are caught by the hole-trapping center. Then, by the excitation of the He-Ne laser, trapped electrons are liberated and recombined with the trapped holes, resulting in the characteristic luminescence of Eu2+ ions. Figure 9 shows the excitation spectra of the femtosecond laser-photoreduced part in an Sm3+ -doped fluoroaluminate glass sample obtained by monitoring the 3D0-7F2 emission of Sm2+ before and after irradiation with the dye laser for 600 s. A hole was observed at 680nm in the spectrum after the dye laser irradiation. No antihole or increased emission peak was observed around the hole. The results demonstrated the possibility of selectively inducing a change of valence state of Eu3+ (Sm3+) ions on the micrometer scale inside a glass sample by use of a focused nonresonant femtosecond pulsed laser. Whereas a three-dimensional optical memory has ap proximately 1013 bits/cm3 storage density, which means that data information can be stored in the form of a change in refractive index in a spot, optical memory using a valence state change of rare-earth-ions in a spot may have the same storage density and may allow one to read out data in the form of luminescence, thus providing the advantage of a high signal-to-noise ratio. Therefore, the present technique will be useful in the fabrication of three-dimensional optical memory devices with high storage density. Moreover, fem tosecond laser-photoreduced Sm3+ -doped glasses exhibited a photochemical spectral hole burning memory property. The microspot induced by the focused femtosecond laser in side a glass sample can be further used to store data infor mation via the irradiation of laser light with different External Electromagnetic Field Induced Electronic Structures and Novel Optical Functions of Rare-Earth-Ion-Doped Glasses wavelengths. As a result, the data information can be read out in the form of spectral holes. Sm2+ -doped glasses could become an ultimate optical memory device with an ultrahigh storage density.
6. Formation of rare-earth-ion-doped optical waveguide by using focused femtosecond laser Considerable research has been carried out on the writing of Bragg gratings inside optical fibers. 3),39),40) The reaction between light and glass is usually induced by irradiating an area in a glass to achieve various types of light-induced structural changes. It is difficult to produce an interaction effect between glass and light by a one-photon process when the wavelength of excitation light differs from the resonant absorption wavelength of the glass. However, as shown in Fig. 10 , various structures can be produced by using pulsed laser operating at the non-resonant wavelength with pulse widths of the order of femtoseconds: colored line due to the formation of color center, refractive index spot due to den sification and defect formation, microvoid due to remelting and shock wave, microcrack due to destructive breakdown etc. An increase in refractive index has been observed in an irradiated area in silica or germanium-doped silica glass samples with focused femtosecond laser pulses.35) It was found that the irradiated region could function as an optical waveguide.
We also fabricated permanent damaged lines in various rare-earth-ion-doped glass samples by focusing 120-fs pulses from a regeneratively amplified Ti sapphire laser through a microscope objective lens and translating the glass samples parallel to the axis of the laser beam. Figure 11 shows the cross section and side view of the damaged line. Continuous line was induced after the scan ning of the focused laser beam. Figure 12 shows the intensi ty distribution of the far-field at 800nm for a laser-written damaged line. The laser-induced damaged line functions as a single-mode optical waveguide. We are still evaluating the transmission attenuation and light amplification property. Cross-section and side view of the damaged line in a Pr3+ -doped glass written by focused infrared femtosecond laser. 7. Conclusion We have introduced the basic research concept of realiza tion of novel optical functions of glass by combining an ex ternal electromagnetic field induced electron structure and rare-earth-ions.
We reviewed the mechanisms and applica tions of photostimulated luminescence induced by X-ray; long-lasting phosphorescence induced by ultra-violet light and infrared femtosecond laser; space-selective manipula tion of the valence state of rare-earth-ions; and formation of rare-earth-ion-doped optical waveguide for light amplifica tion by using a focused infrared femtosecond laser. By using composite electromagnetic fields such as a laser coherent fi eld, it is possible to effectively induce permanent and periodical structures in glasses which result in the realiza tion of novel optical functions. We have confirmed that the proposed concept will open new possibility in the realization of novel optical functions for glass.
